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from the  launch v e h i c l e .  

panel  hinge p o i n t s  t o  reduce the  c a n t i l e v e r  v i b r a t i o n  modes of the 

pane l s  du r ing  ope ra t ion  of the  sDacecraf t  p ropu l s ion  svstem. 

z o i d a l  pane ls  shown i n  the  drawing r ep resen t  the maximum a rea  r equ i r ed ,  

except  f o r  Brooks ( 2 ) .  A miss ion  t o  Brooks (2)  r e q u i r e s  two unsymmetrical 

pane l s  i n  o r d e r  t o  provide the forward f i e l d  of view requ i r ed  by the  

approach geometry, For missions t o  Pons-Winnecke and Kopff,  the sma l l e r  

panel  a r e a s  and the more favorable  approach geometry l e s s e n  the view 

i n t e r f e r e n c e  by the  s o l a r  pane l s .  

Act ive damping is necessa ry  a t  t he  s o l a r -  

The t r ape -  

2 .3  ANTENNAS 

A p a r a b o l i c  an tenna ,  e l l i p t i c a l  i n  p lan  view, is f ixed  on the  

f o w a r d  s u r f a c e  of t h e  oc tagonal  compartment. 

o r i e n t e d  toward the e a r t h  a t  t he  t i m e  of comet i n t e r c e p t .  The o r i e n t a t i o n  

i s  somewhat d i f f e r e n t  €or each comet mission.  

to-weight  r a t i o ,  aluminum honevcomb c o n s t r u c t i o n ,  such a s  used on Mariner-C, 

appears  the  most d e s i r a b l e ,  

t o  determine the  e f f e c t  of thermal d i s t o r t i o n  (which could be qu f t e  large 

€or t h i s  type of c o n s t r u c t i o n )  on t h e  RF r a d i a t i o n  p a t t e r n .  Philco-WDL 

i s  now s tudy ing  a s i m i l a r  problem f o r  NASA-Ames [Phi lco,  1964). 

The RF a x i s  i s  permanently 

For a maximum r i g i d i t y -  

A r a t h e r  thorough t e s t  Drograrn is necessarv  

A 3.5-Inch d iameter  t ubu la r  wave guide approximately 62 inches long 

senre8 a s  the  low-gain antenna.  I t  is mounted on top  of t he  equipment 

compartment w i th  i t s  l o n g i t u d i n a l  a x i s  p a r a l l e l  t o  the s p a c e c r a f t  r o l l  

a x i r .  The antenna provides  uniform coverage over  t h e  forward hemisphere 

of t h e  r p a c c c r a f t .  I t s  l e n g t h  i s  such t h a t  i t  w i l l  ope ra t e  i n  tho  event  

of so l a r -pane l  deployment f a i l u r e .  

PHI LCO 
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2.4 SCIENTIFIC INSTRUMENTS 

S c i e n t i f i c  ins t rument  loca t ions  a r e  i n  accordance wi th  the fo l lowing  

schedule  and are i l l u s t r a t e d  i n  F igure  2-1: 

a. 

b.  

C .  

d.  

Magnetometer and I n t e g r a t i n g  I o n i z a t i c n  Chamber. Because of 

t h e i r  r e s p e c t i v e  requirements  f o r  small Spacec ra f t  magnetic 

f i e l d  and near -omnidi rec t iona l  view of space ,  t hese  ins t ruments  

a r e  l o a c t e d  on a 15- t o  20-foot boom extended normal t o  the 

s p a c e c r a f t  r o l l  a x i s .  One boom s u f f i c e s  f o r  both ins t ruments .  

The boom i s  a pneumatical ly  opera ted  t e l e scop ing  type ( e . g . ,  

Ranger Program, Blocks I and II), and is designed t o  provide 

adequate  s t i f f n e s s  and damping du r ing  s p a c e c r a f t  v e l o c i t y  

c o r r e c t i o n s .  Unfurlable  booms ( e . g . ,  DeHavilland A i r c r a f t ,  L t d . )  

appear  t o  o f f e r  no advantages u n t i l  longer  l eng ths  a r e  r equ i r ed .  

A r e l i a b l e  method of f u r l i n g  the  boom dur ing  v e l o c i t y  c o r r e c t i o n s  

would then be necessary .  The r e l i a b i l i t y  of  such an ope ra t ion  

a f t e r  a long pe r iod  i n  space has no t  y e t  been demonstrated.  

Dust De tec to r .  Two d e t e c t o r s  a r e  l o c a t e d  on top of t h e  octagonal  

compartment, The a c t i v e  s u r f a c e  of one d e t e c t o r  is o r i e n t e d  

normal t o  the  s p a c e c r a f t  v e l o c i t y  v e c t o r ;  the o t h e r  d e t e c t o r ' s  

a u r f a c e  is o r i e n t e d  along the  v e l o c i t y  vec to r  a t  r i g h t  ang le s  

to the  f i r s t  d e t e c t o r  ouch a s  t o  f ace  the  nuc leus  a t  encounter .  

Plarma Probe,  This  instrument  is l oca t ed  on top of the  main 

compartment wi th  i t s  axis poin ted  along the  r o l l  a x i s  of the  

s p a c e c r a f t  (probe-sun l i n e ) .  

Ion Mass Spectrometer  and Ion-Electron Trap. Thie  inat tument  

is  l o c a t e d  on top of the main compartment w i t h  i t s  a x i s  

o r i e n t e d  a long  the  v e l o c i t y  v e c t o r .  
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e .  U l t r a v i o l e t  Spectrophotometer.  I n f r a r e d  Pho tomul t ip l i e r  

Radiometer or U l t r a v i o l e t  Photometers ,  Slow-Scan Te lev i s ion .  

These t h r e e  comet viewing exper iments ,  a long  w i t h  a comet 

t r a c k i n g  dev ice ,  a r e  housed toge the r  below the  octagonal  

compartment. During the  encounter  mode of o p e r a t i o n ,  t h i s  

assembly t r a c k s  the  nucleus of the  comet by r o t a t i n g  wi th  

r e s p e c t  t o  the  s p a c e c r a f t  about  two axes .  I t  can t r a v e r s e  

360' (c lock  angle)  about an a x i s  p a r a l l e l  t o  t he  s p a c e c r a f t  

r o l l  a x i s ,  and, when the  suppor t  yoke is e r e c t e d ,  e l e v a t e  

through a 210' angle  (cone a n g l e ) .  

package (with r e s p e c t  t o  t h e  p i t c h  and yaw axes)  depends on 

the  comet miss ion  chosen. I n  a l l  cases  the  comet is assumed 

t o  pas s  on the  a n t i - s o l a r  s i d e  of t he  s p a c e c r a f t .  Some 

encounter  geometr ies  r e q u i r e  a view forward t o  wi.thin a s  

l i t t l e  a s  30' of the  r o l l  a x i s .  

assembly must be l oca t ed  so t h a t  its view is n o t  obscured by 

the  s o l a r  panel8 or  by the main compartment. F o r t u n a t e l y ,  a t  

t h e  time t h a t  forward viewing is r e q u i r e d ,  t h e  c lock  angle  is 

c o n s t a n t ,  and t h e r e f o r e  the  assembly can be loca ted  so a s  t o  

look between t h e  solar panels .  

The exac t  l o c a t i o n  of t h i s  

To meet t h i s  requirement ,  the  

2-5  

WDL DIVISION 



WDL-TR2 3 6 6 

SECTION 3 

ISOTOPIC CONFIGURATION 

3 . 1  BASIC SPACECRAFT 

The I s o t o p i c  Conf igu ra t ion  is formed by removing the  s o l a r  pane ls  

of t h e  Pho tovo l t a i c  Conf igura t ion  and adding an  i s o t o p i c a l l y  heated 

t h e r m o e l e c t r i c  g e n e r a t o r ,  As i l l u s t r a t e d  i n  F igu re  3 -1 ,  t!e power supply  

is suppor ted  above t h e  main compartment by a truss framework. This  mettod 

of suppor t  p rovides  the  power supply r a d i a t o r  f i n s  w i t h  the good view 

of space  f o r  e f f i c i e n t  o p e r a t i o n .  Because of  t he  h igh  temperatures  a t  

t h e  t r u s s  i n t e r f a c e  w i t h  t h e  power supply ,  t i t an ium i s  used f o r  the 

main t r u s s  members. Its h igh  s t r e n g t h  a t  e l e v a t e d  temperatures  and 

r e l a t i v e l y  low thermal  conduct ion make i t  an i d e a l  m a t e r i a l  f o r  such use .  

S t a i n l e s s  s t e a l  has  been re jec ted  because of i t s  h ighe r  magnetic per -  

m e a b i l i t y .  The lower end of t h e  l o n g i t u d i n a l  t r u s s  members a t t a c h e s  

t o  t h e  oc tagonal  compartment by means of h y d r a u l i c  dampers. I t  is 

a n t i c i p a t e d  t h a t  t he  i n c l u s i o n  of such damping i s  necessary  t o  r educe  

the  dynamic s t r e s s e s  i n  the  t r u s t  d u r i n g  launch,  

The removal of  t he  s o l a r  pane ls  a l l e v i a t e s  t he  encounter  viewing 

problems t h a t  a r i s e  when t h e  comet is well  f o w e r d  of the  s p a c e c r a f t .  

A comet can now be t r acked  t h a t  has a t r a j e c t o r y  p a r a l l e l  t o  t he  

s p a c e c r a f t  r o l l  a x i s .  

The i s o t o p i c  power supply p re sen t s  a c l e a r  weight  advantage over  

s o l a r  power f o r  a mier ion  t o  Brooks ( 2 ) .  

d e n a i t y  the  advantage i r  f a r  g r e a t e r ,  The amount of payload envelope 

volume conrumed i n  s towing 90 f t  of s o l a r  pane l s  (even i f  some 

degree of panel  a r t i c u l a t i o n  is allowed) p r e s e n t s  a s eve re  handicap 

t o  the  op t imiza t ion  of the r e s t  of t he  s p a c e c r a f t .  F u r t h e n o r e .  

From t he  s t a n d p o i n t  of power 

2 
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SUMMARY 

Two configurations,.have been developed based upon the use of the 

Atlas-Centaur launch vehicle, 

configurations are identical and bear a close resemblance to the Mariner-C 

spacecraft. The resemblance of the configurations to the Mariner-C 

spacecraft means that maximum advantage can be taken of that technology 

and experience. An important difference from Mariner is that, by using 
an Atlas-Centaur, stringent weight and payload volume restrictions are 

n d  present. The projected weight of either configuration is 700-800 

pounds, 

Except for the power supplies, both 

Two configurations have been discussed for an Atlas-Agena mission 

to Pons-Winnecke. The Spacecraft are modified versions of the Mariner-C 

design and represent minimal and extended modification cases, 

-,, I 'The Atlas-Centaur Photovoltaic configuration is recomended f o r  most 

missions (e.g. Kopff 1970) except Pons-Winnecke and Brooks ( 2 ) .  The use 

of the proven Mariner spacecraft design, even though modifications are 

neczssary, is recommended f o r  Pons-Winnecke missions in late 1969 and 

early 1970. The minimal modification configuratlon is recommended ur.?csa 

t h e  intliision of a high-resolution, highly sensitive TV system become8 a 
high-priority scientific objective. In that case, an extended redesign 

of the Mariner4 is recommended, 

me Atlea-Centaut RTG oon-uration appears attractive for the Brooks (2 )  
- & L :  ( 7 .  - c r 

1973 mission becauae of the large solar panel area required. 
other hand, because of the larger volume Surveyor payload envelope and the 

payload weight available with the Atlas-Centaur, such panels can be 

accommodated in the interest of using proven technology, 

On the 

vii 
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SECTION 1 

OBJECTIVES AND REQUIREMENTS 

1.1 DESIGN REQUIREMENTS 

It is t he  i n t e n t  of t h i s  s tudy  t o  i n d i c a t e  a d e s i r a b l e  phys i ca l  

i n t e g r a t i o n  of o p e r a t i o n a l  sybsystems r a t h e r  t han  t o  p re sen t  a d e t a i l e d  

s p a c e c r a f t  des ign .  

cons idered  t o  r e p r e s e n t  "block diagrams" of a s p a c e c r a f t  t o  s a t i s f y  the 

I n  t h i s  s ense  the c o n f i g u r a t i o n  drawings may be 

miss ion  requirements .  The fol lowing o b j e c t i v e s  and requirements  have 

been guidel ines  f o r  developing s p a c e c r a f t  con f igu ra t ions :  

1. P h y s i c a l l y  i n t e g r a t e  the  subsystems by means of a r i g i d ,  l i g h t -  

weight  s t r u c t u r e .  Objec t ives  of t h i s  i n t e g r a t i o n ,  o r  packaging, 

a r e  the  fo l lowing:  

a.  

b. F a c i l i t y  of subaystem removal f o r  r e p a i r ,  r e t e s t ,  o r  

c.  

d. Use of modular c o n s t r u c t i o n  f o r  the  basic equipment compart- 

F a c i l i t y  wi th  which subeylrtem packages may be aasembled 
and t e s t e d  p r i o r  to  f i n a l  assembly i n t o  the  s p a c e c r a f t .  

r e p  1 acemen t , 

Ease wi th  which subaystem u n i t s  may be handled and shipped 
p r i o r  t o  f i n a l  asoembly. 

ment t o  minimize f a b r i c a t i o n  c o s t  and t o  maximize subsyrtem 
l o c a t i o n  f l e x i b i l i t y ,  

2 .  Acctnmnodate a h igh-ga in ,  28" x 48" p a r a b o l i c - s e c t i o n  antenna 

having a fan-beam p a t t e r n  in t he  e c l i p t i c  p lane .  

d e r i g n  i t  ir arrumad t h a t  t h e  RF a x i s  i r  permanently o r i e n t e d  

w i t h  r r r p a c t  t o  the  Spacecraf t .  

For t h i s  

3 .  Accaarnodatr a IcrPl-gain antenna p rov id ing  e r r e n t i a l l y  uniform 

coverage in the  forward hemisphere of the  s p a c e c r a f t .  

i r  def ined  ar the  d i r e c t i o n  toward the  sun.  

Forward 
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4. Accommodate a post-injection propulsion svstem capable of 

Droducing up to 150 meters-per-second velocity increment. 

5. Utilize one of two possible on-board power supplies: 

a. A photovoltaic array having a panel area of 58 to 90 square 

b. 

feet, 
An isotopic parer supply requiring a nearly omni-directional 
view of space. 

6. Provide a large field of view for a comet-tracking assembly 

housing certain encounter mode scientific experiments. The 

design aseumes that the camet passes on the anti-solar side of 

the spacecraft. 

7. Conform to the Centaur launch vehicle interface with the R&D 
or Surveyor payload envelope, 

Consideration of these requirements and objectives has led to the 

development of two basic configurations whose d.ifference i~ dictated by 

the choice of on-board power systems. The spacecraft are referred to 

as the Photovoltaic Configuration and the Isotopic Configuration; a 

description of each follows below. 

1-2 
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SECTION 2 

PHOTOVOLTAIC CONFIGURATION 

2 .1  M A I N  EQUIPMENT COMPARTMENT 

The main equipment compartment of t h i s  s p a c e c r a f t ,  shown i n  F igure  

2-1,  is an  oc tagonal  s t r u c t u r e  orovid ing  e i g h t  bays i n  which t o  package 

equioment. The s i z e  and cons t ruc t ion  of the  compartment is the  same as 

t h a t  of t he  M a r i n e r 4  S p a c e c r a f t ,  except  f o r  the  use of heav ie r  gage 

m a t e r i a l .  The dimensions of  t he  compartment can be extended somewhat 

should  the  need f o r  more equipment volume become necessary .  A s  i n  the  

case of Mariner-C, seven of t he  e i g h t  bays supply packaging volume f o r  

t he  m a j o r i t y  of t he  e l e c t r o n i c  equipment. The e i g h t h  bay con ta ins  the  

1 propu l s ion  subsystem w i t h  i t a  t h r u s t  a x i s  a l i g n e d  i n  t h e  e c l i p t i c  p lane  

approximately normal t o  the  r o l l  a x i s  of the  s p a c e c r a f t .  Fuel and co ld-  

gas  supply  tanks  a r e  l o c a t e d  in  the e i g h t h  bay and c e n t e r  compartment. 

Sun s e n s o r s  a re  l o c a t e d  on the  top and bottom of the  compartment. The 

compartment is suDported du r ing  launch on a 7-inch-high i n t e r f a c e  

a d a p t e r  r i n g  i n  o rde r  t o  provide space under the  compartment f o r  t he  

comet t r a c k i n g  assembly and Canopus t r a c k e r .  The s p a c e c r a f t  s e p a r a t i o n  

i n t e r f a c e  is a t  t h e  top  of t h i s  r i ng  s t r u c t u r e .  

2 .2  SOLAR PANELS 

Attached t o  t h e  bae lc  compartment are  four  e r e c t a b l e  s o l a r  pane ls  

on which t o  mount the  s o l a r  c e l l s .  Four s o l a r  p re s su re  vanes a r e  a t t a c h e d  

t o  the ends of t he  panel s t r u c t u r e s .  The R&D envelope al lows 7 5  square  

f e e t  of a r e a ,  wh i l e  t h e  Surveyor envelope allows the  90 square f e e t  

r e q u i r e d  on a mission to Brooks (2) a t  200 w a t t s  power. The pane l s  a r e  

suppor ted  by a h y d r a u l i c a l l y  damped e t r u c t u t e  du r ing  launch and deployed 

i n t o  a Plane normal t o  the  s p a c e c r a f t  r o l l  a x i s  a f t e r  i t s  s e p a r a t i o n  

PH I LCO .-. .- . " .., 0 .' 7 %  ny2'"* 
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the isotopic configuration has a growth potential should more power 

be required; the photovoltaic configuration must be considered to be 

near the end of practicality. 

3-3 
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SECTION 4 

ADAPTABLE SPACECRAFT 

4.1 COMET MISSIONS 

I. 

The adaptability to several comet missions is built into the 

photovoltaic and isotopic spacecraft designs described in the previous 

section. 

necessitates changes in the following areas: 

The adaptation of either design to a particular comet 

a .  &-Board Power - The isotopic package is the same for all 

missione. 

panel areas for each comet. 

The photovoltaic configuration requires different 

b. High-Gain Antenna - The antenna orientation is somewhat 
different for each mission. 

c .  Comet Tracking Assembly - The location of the comet tracking 
assembly i e  under either Bay 3 or Bay 7 of the main compartment, 

depending on the encounter geometry of the particular ccmet. 

The variable location is necessary because the cometary 

encounter trajectories are not normal to the spacecraft roll 

axis  and hence pass to one side or the other of the spacecraft. 
Solar-side paerage of the comet ia assumed for mirslons 

requiring observations of the nucleus. 

d. Post-Injection Propulsion System - It may be derirable to tailor 
the fuel tankage for each mireion i E  a wide vatfatfon in velocity 

increment8 develops among comets. 

With there adaptrtion8, either configuration ie amenable to any of the 
comet mirrionr analyzed, The design of a configuration that can meet 

4- 1 
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a l l  miss ion  requirements  wi thout  some chango- does not  appear  f e a s i b l e .  

4.2 CLOSE-APPROACH ASTEROID MISSIONS 

The comet probe conf igu ra t ions  a r e  adap tab le  t o  s o l a r - s i d e  f ly-by  

a s t e r o i d  miss ions .  The changes o u t l i n e d  i n  Sec t ion  4 .1  a r e  necessa ry  

t o  adapt  t he  s p a c e c r a f t  t o  a p a r t i c u l a r  a s t e r o i d  miss ion .  The comet 

t r a c k i n g  p l a t fo rm can be used t o  t r a c k  the  a s t e r o i d  and con ta ins  the  

a s t e r o i d  viewing exper iments .  

I f  t h e  miss ion  o b j e c t i v e s  go beyond those of a s imple f ly -by ,  such 

a s  f i r i n g  p r o j e c t i l e s  a t  t he  a s t e r o i d ,  more changes m u s t  be expected i n  

t h e  s p a c e c r a f t  c o n f i g u r a t i o n s .  

t h e  comet probe t o  an  a s t e r o i d  mission m s t  awai t  a more conple te  

d e f i n i t i o n  of i t s  miss ion  requirements .  

The exac t  degree of a p p l i c a b i l i t y  sf 
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SECTION 5 
A MARINER-C COMET PROBE 

5.1 ADAPTATION OF MARINER-C SPACECRAFT TO A COHET MISSION 

An Atlas/Agena has sufficent payload capability for a mission to 

Pona-Winnecke. Additional cometary opportunitles may exist, but their 

investigation and discussion are not within the scope of t h i s  document. 

Based on a 30-day launch window, payloads of 630 and 5 7 8  pounds 

are available for a Pons-Winnecke fly-by using Type I and Type I1 
trajectories respectively. This capability suggests the use of a 

modified Mariner-C. The degree i;f change from the present Mariner-C 

configuration depends upon whether the spacecraft is optimized for the 

mission at the expense of utilizing present Mariner technology. It is 

possible, for instance, t o  change only the orientation of the high-gain 

antenna and fly an otherwise unaltered Mariner. The other end of the 

modification scale cannQt be defined within the scope of this study. 

Two points on the modification scale have been chosen for discusaion. 

They represent near-minimal and maximal canes and corrceponc! to the 

Type II- and Type I- trajectory payloads respectively. 

5 . 2  TYPE-I1 TRAJECTORY SPACECRAFT 

The first step in the modification of the spacecraft design is t4e 
removal of unnecessary or unusable equipment. The Planet Scan Assembly 

ha8 only  one degree of freedom and hence is unsuitable for cometary 
tracking at encounter. The unit i s  therefore removed along with the 

TV subbystem which lackr sufficient eensitivity to view the nucleus 

at the nominal fly-by mise distance of 5,000 km. The tape recorder i r  
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r e t a i n e d  i n  o rde r  t o  p e n n i t  a higher  s c i ence  d a t a  sampling r a t e  a t  

encounter .  The s o l a r  panel a r e a  of 70 sq .  f t .  can be reduced by 

approximately 15 sq .  f t .  t o  5 5  sq. f t .  because of t h e  h igher  s o l a r  

i n t e n s i t y  a t  encounter .  This  reduct ion  inc ludes  des igning  f o r  a g i a n t  

s o l a r  f l a r e .  

I n  o r d e r  t o  achieve  a 5000-km nomical miss d i s t a n c e ,  a PIPS c a p a -  

b i l i t y  of 120 m/sec m u s t  be provided. 

m u s t  be added t o  the  conf igu ra t ion .  It is  assumed t h a t  the p re sen t  

midcourse motor des ign  is adequate f o r  the  r e s u l t i n g  increased  b u m  time. 

Hence, increased  f u e l  capac i ty  

I n  a d d i t i o n  t o  theee  r equ i r ed  mod i f i ca t ions ,  a d d i t i o n s  t o  the  

s c i e n t i f i c  payload a r e  d e s i r a b l e .  

t ape  r e c o r d e r  now a v a i l a b l e  a t  encounter ,  an Ion-Mass Spectrometer  can 

be accommodated. I n  a d d i t i o n ,  a gimbaled Comet Tracking Assembly can 

be designed t o  r e p l a c e  the  removed P l a n e t  Scan Assembly. I n t e g r a t e d  

w i t h  the  t r a c k i n g  u n i t  a r e  W photometers.  A t  encounter ,  the  s p a c e c r a f t -  

r e f e renced  c m e t  t r a j e c t o r y  is n e a r l y  pe rpend icu la r  t o  the s p a c e c r a f t  

r o l l - a x i s .  Hence, i t  does no t  appear necessa ry  t o  extend the  Comet 

Tracking Aseambly from the  a a i n  cmparezen t  nf  t he  spacecraft a s  i n  the 

c o n f i g u r a t i o n s  (F igurer  2-1 and 3-1) designed t o  a c c m o d a t e  the  comet 

t r a c k i n g  requirements  of s e v e r a l  comet encounters .  

With the  high d a t a  capac i ty  of t h e  

An es t ima ted  weight  ruuunary f o r  the  Type-I1 t r a j e c t o r y  Mariner-C 

mod i f i ca t ions  is given i n  Table 5-1. No weight  pena l ty  Is incur red  i n  

r e o r i e n t i n g  the  high-gain antenna.  E l e c t r o n i c  asremblv changes (ouch 

eo those  t o  the  DAS t o  permit  a high d a t a  r a t e  a t  encounter )  a r e  assumed 

t o  r e q u i r e  no weight  i nc roase  wi th in  the  accuracy of the  eo t ima te .  
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Table 5-1 Weight Summary 

Type-I1 T r a j e c t o r y  Modif ica t ions  t o  Mariner-C Spacec ra f t  (1969) 

Basic  M a r i n e r 4  Spacec ra f t  Weight 

Remove 

P lane t  Scan Assembly 

TV E l e c t r o n i c s  

Scan E l e c t r o n i c s  

15 sq .  f t .  from So la r  Panels 

To ta l  Removed Weight 

Reduced Spacec ra f t  Weight 

Add 

Inc rease  PIPS C a p a b i l i t y  
t o  12@ ' d s e c  

Ion-Mae s Spectrometer  

Gimbaled Comet Tracke r ,  
W Photometers ,  and E lec t ron ic s  

I n s t a l l a t i o n  Allowance 

To ta l  Added Weight 

Modified Spacec ra f t  Weight 

Type-XI T r a j e c t o r y  C a p a b i l i t y  

Margin 

565 lb 

15 

8 

4 

15 

42 

52 3 

16 

8 

25  

1 

50 

573 l b  

578 l b  

5 l b  
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5.3 TYPE-I TRAJECTORY SPACECRAFT 

This configuration differs from the former by its accommodation n f  

a higher sensitivity TV subsystem (Advanced Mariner type). Integrating 

the TV electronics modifies the input to one of the communications 
assemblies. The TV camera is located along with UV photometers on a 

large comet tracking assembly mounted below the center of the octaE:on;ll 

compartment. The height of the Agenalspacecraft adapter is increased 

to provide the volume needed to stow the assemblv. Resizing the solar 

panels down to 5 5  s q .  ft. permits the octagonal structure to be raised. 

The midcourse motor must be repositioned to accommodate the change 

in center of gravity. 

Table 5-2  outlines the weight sumnary for this configuration 
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Table 5-2 Weight Summary 

Type I - Trajectory Modifications to Mariner-C Spacecraft (1970) 

Basic Mariner-C Spacecraft Weight 

Total Removed Weight (Table 5-1) 

565 lb 

4 2  

Reduced Spacecraft Weight 

Add : 

Increase PIPS Capability to 
80 M/sec for 640 lb spacecraft 

Ion-Mas 8 Spec t rome ter 

Comet Tracking P l a t f o n n  Assembly 
El e c t ron i cs 

Comet Tracker 

Advanced-Mariner l V  System 
(or W Spectromet t and 
Ion-Eieetron Trap ) $ 

W Photometers 

Increaee Height of SpacecraftfAgene 
Adapter by 6 in. 

Installation Allowance 

Total Added Weight 

Modified Spacecraft Weight 

Type-I Trajectory Capability 

Margin 

* 
Ion-Electron Trap Not On Tracking Assemblv 

2 lb 

8 

20 

10 

6 

16 

523 lb 

3 

100 lb (or 95) 

7 lb (or 12) 
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SECTION 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 SPACECRAFT CONCEPTUAL DESIGNS 

Two configurations have been developed based upon the use of the 

Atlas-Centaur launch vehicle. Except for the power supplies, both 

configurations are identical and bear a close resemblance to the Mariner-C 

spacecraft. The resemblance of the configurations to the Mariner-C 

spacecraft means that maximum advantage can be taken of that techno,ogy 

and experience. An important difference from Mariner is that, by using 

an Atlas-Centaur, stringent weight and payload volume restrictions are 

not present. The use of heavier gage structural materials is permitted 
and recommended. Their use will alleviate the handling, testing, and 

analysis problems aesociated with very light construction. Present 

state-of-the-art materials and fabriaction methods are envisioned for 

the structure. The projected weight of either mnfiguration is 700-800 

pounds. Thio figure is below the payload capability of the Atlar-Centaur. 

A weight breakdown by principal subsystem is given in Table 6-1. 

6.2 MARINER-C COMET PROBE 

Two configurations have been dircussed for an Atlas-Agena mission 

to Pons-Winnecke. The spacecraft are modified versions of the Mariner-C 

design and represent minimal and extended modification cases. The weight 

breakdowns for these m o  casea and for the launched Mariner-C are given 

in Table 6-2. 

6.3 CHOICE OF SPACECRAFT CONFIGURATION 

The Atla8-Centaur Photovoltaic configuration Is recommended for mort 
mirsions (0 .g .  Kopff 1970) except Ponr-Winnecke and Brooks (2). The use 
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SUBSYSTEM 

S t r u c t u r e  

I n t e r f a c e  

Science 

Tracking Pla t form 

TV- Tra c ke r 
Encounter S c ience  

Cru i se  Sc ience  

Boom 

DAS 

A t t i t u d e  Cont ro l  

Midcourse Propuls ion  
(150 m/e) 

Table 6-1. Weight Breakdown 

for Atlas-Centaur  Comet Probes 

Telecommunication 

Ant ennar 

Thermal Cont ro l  

Pwer (200 w) 

Panel r  or I r o t o p i c  Uni t  

I r o t o p e  Support  S t r u c t u r e  

Power Condi t ion in8  

B a t t e r i e r  

Syr t em To ta l  - 200 w 

- 300 w 

90 

20 

26 

16 

50 

40 

10 

10 

100 

10 

6-2 

PHOTOVOLTAIC ISOTOPIC 
CONFIGURATION CONFIGURATION 

110 110 

152 

80 

100 

110 

30 

11 9-1 62 

69-112 
-- 
l o  
40 

701 -744 
73 7 - 800 

152 

80 

100 

110 

30 

110 

70 

10 -- 
30 

692 

7 42 
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Table 6-2. Mariner-C Comet Probe 

Weight Breakdawns 

MARINER-C 
SUBSSTPI 

SCIENCE 

Comet Tracker & Experiments 
Independently Mounted Experiments 
Electronics 6 DAS 

GUIDANCE AND CONTROL 

Attitude Control; CC b S 
Gas System 
Sensors 

PROPULSION 

Midcourse Motor 

TELECOMMUNICATION 

Data Encoder & Command 
RF 6 Tape Recorder 
Antenna s 

POWER 

Pane 1s 
Regulator 
Conditioning 
Batterv 

THERMAL CONTROL 

Thermal Control Assemblies 

STRUCTURE 
Pyro 6 Actuators 
S t ruc ture 
Cab1 ing 

TRAJECTORY-I1 
MODIFICATION 
(late 1969) 

25 
16 
36 

39 
29 
7 

66 

MARIL TRAJECTORY-I 
NER-C MODIFICATION 
(1964) (Early 1970) 

15 71 
8 16 
48 36 

39 39 
29 29 
7 7 

50 52 

42 42 42 
64 64 64 
10 10 10 

63 78 63 
16 16 16 
32 32 32 
33 33 33 

13 13 13 

6 6 7 
59 58 76 
17 17 17 

573 lb 565 lb 623 1b 
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of the proven Mariner spacecraft design, even though modifications are 

necessary, ie reconmended for Pons-Winnecke missions in late 1969 

and early 1970. 

unless the inclusion of a hiuh-resolution, highly sensitive TV system 
becomes a high-priority scientific objective. In that case. an 

extended redesign of the Mariner-C is recommended. 

The minimal modification configuration ir reconmended 

The R E  Configuration appears attractive f o r  the Brooks (2) 1973 
On the o the r  mission because of the large solar panel area required. 

hand, because of the larger volume Surveyor payload envelope and the 
payload weight available with the Atlas-Centaur, such panels can be 

accommodated in the interest of using proven technology. 
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